
1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

D. I2.1.2. SITE SPECIFIC REPORT ON TRADITIONAL 

SAMPLING INVESTIGATIONS ON POMPEY SITE (FR) 

01 December 2021 

P. Kessouri1, C. Ryckebusch1, L. Ardito1, 

N. Cros1, B. Mignon2 

1BRGM, 2CTP 

. 



2 
 

SUMMARY 

D. I2.1.2. Site specific report on traditional sampling investigations on Pompey site (FR) ............... 1 

1 List of figures ............................................................................................................................. 3 

2 List of tables ............................................................................................................................... 3 

3 Introduction ................................................................................................................................ 4 

4 Presentation of the Pompey site ................................................................................................ 4 

5 Objectives of the sampling investigations .................................................................................. 4 

6 Characterization methods .......................................................................................................... 5 

6.1 X-ray fluorescence spectrometers ...................................................................................... 5 

6.1.1 Characterization using the portable X-ray fluorescence spectrometer ........................ 6 

6.1.2 Semi-quantitative characterization using laboratory X-ray fluorescence spectrometer 7 

7 Pre-sampling investigations ....................................................................................................... 8 

7.1 Sampling on site ................................................................................................................. 8 

7.2 Laboratory characterization ................................................................................................ 9 

7.2.1 Mineral processing ...................................................................................................... 9 

7.2.2 Chemical analysis ..................................................................................................... 11 

7.3 Conclusions ...................................................................................................................... 16 

8 Post-sampling investigations ................................................................................................... 17 

8.1 Sampling on site ............................................................................................................... 17 

8.2 Laboratory characterization .............................................................................................. 18 

8.2.1 Agronomical analysis ................................................................................................ 18 

8.2.2 Chemical analysis ..................................................................................................... 18 

8.3 Conclusions ...................................................................................................................... 21 

9 Recommendations ................................................................................................................... 21 

10 References ........................................................................................................................... 22 

11 Appendix 1: Previous chemical analysis .............................................................................. 24 

 

  



3 
 

1 LIST OF FIGURES 

Figure 1 : Map of the different sampling locations on the Pompey site. ........................................... 5 

Figure 2 : portable X-ray fluorescence spectrometer (XL3t980 model) ............................................ 6 

Figure 3 : Flow-sheet of the process applied on both Pompey samples .......................................... 8 

Figure 4 : a) extraction of soil samples from the trench pit; b) zoom on the variation of techno-soil 

layers observed within the trench pit ................................................................................................. 9 

Figure 5 : Sieving results: Particle size distribution of both samples (S1 at 1 m deep and S2 at 1.7 m 

deep) from the pit trench represented as: a) a table; b) a graph .................................................... 10 

Figure 6 : Variation of concentration of different selected chemical elements versus depth for two 

different soil profils investigated within the trench pit (P2 in yellow and P4 in red) ......................... 12 

Figure 7 : a) Picture of the core drill in action in Pompey (08/2021); b) Zoom on the drilling rod with 

two different layers of soil. .............................................................................................................. 17 

Figure 8 : Variation of concentration of different selected chemical elements versus altitude for three 

soundings (FP2, FP3 and I1) at the north of the site (see Figure 1). These results are compared to 

pre-sampling analysis within the trench pit: (1) pXRF analysis on two profils down to 1.8 m depth; 

and (2) XRF results on two samples S1 and S2 analyzed at CTP. ................................................ 19 

Figure 9 : Variation of concentration of different selected chemical elements versus altitude for three 

soundings (FP1, FP4 and I2) at the south of the site (see Figure 1). ............................................. 20 

Figure 10: Distribution of the total content of major elements (elements with an average content 

greater than 1 g.kg-1 of dry soil) vs depth along the profile for 12 layers of “Technosoil” (from Huot, 

2013) ............................................................................................................................................... 25 

Figure 11: Distribution of the total content of trace elements (elements with an average content lower 

than 1 g.kg-1 of dry soil) vs depth along the profile for 12 layers of “Technosoil” (from Huot, 2013) 26 

Figure 12: Distribution of carbonate, allophanes, ferrihydrite and Mn contents extracted with CBD 

(Mnd) according to the Mehra-Jackson method along the “Technosoil” profile (from Huot, 2013). . 28 

2 LIST OF TABLES 

Tableau 1 : Mass balance of the magnetic separation tests on samples S1 and S2 ...................... 11 

Tableau 2 : Semi-quantitative XRF analytical results on recombined fractions below 10 mm for the 

two Pompey samples S1 and S2 .................................................................................................... 13 

Tableau 3 : Semi-quantitative XRF analytical results on each particle size range below 10 mm for 

the sample S1 ................................................................................................................................. 14 

Tableau 4 : Semi-quantitative XRF analytical results on each particle size range below 10 mm for 

the sample S2. ................................................................................................................................ 14 

Tableau 5 : Impact of magnetic separation on both samples S1 and S2. 2000 G represents the highly 

magnetic fraction, 6000 G represents the medium magnetic fraction. ............................................ 15 

Tableau 6 : Results of the agronomical parameters measured for the four samples taken by IXANE 

(see Figure 1) .................................................................................................................................. 18 

Tableau 7: Mineralogical phases detected using a combination of laboratory experimentations (DRX, 

IR spectroscopy, Mossbauer spectroscopy, SEM-EDX and TEM-EDX, Tam and Mehra-Jackson 

extraction methods) ........................................................................................................................ 27 



4 
 

3 INTRODUCTION 

Pompey is one of the three pilot sites of the NWE-REGENERATIS project. It is a former tailing pond 

owned by the EPFGE (Etablissement Public Foncier de Grand Est, Public Real-Estate Company of 

Grand Est region). The site has been chosen for two main reasons: (1) it hosted various activities 

for iron based alloys production; (2) it was just rehabilitated on surface, and historic documentation 

and investigations are done with respect of the French legislation and threshold values. One of the 

interest of this site is that it allows testing the REGENERATIS methodologies developed within WPT1 

and WPT2 on a site that was already been remediated. 

Site works provided access to material to perform lab trials and also allowed on-site geophysical 

measurements. Two phases of sampling were handled on site: (1) traditional sampling prior to the 

geophysical investigations; (2) targeted sampling after the geophysical investigations. 

This site-specific report is intended to provide specific data on pre- and post- sampling investigations 

including: (1) a sampling plan including the general methodology applied to the site and the type of 

sampling chosen; (2) a list of samples taken and characterization performed in laboratory; (3) a table 

summarizing the results. 

4 PRESENTATION OF THE POMPEY SITE 

The Pompey site is a former tailing pond from the iron and steel complex of Pompey-Frouard-

Custines, located 10 km North from Nancy. The steel complex was active from 1870 to 1986. It is 

renowned for producing cast iron and special steels, such as ferromanganese (ferro-alloy rich in 

manganese). The last blast furnace of the Pompey-Frouard-Custines iron and steel complex was 

stopped in 1986. Over time, a forest ecosystem developed on the former tailing pond. The dike 

delimiting the site was planted with a curtain of black locust trees in 1997. The rest of the pond 

gradually got covered with diversified deciduous vegetation, more or less dense depending on the 

area. 

The geological substratum of the former tailing pond consists of the Lias marl formations (at 181 m 

NGF), which are covered by alluvium from the two rivers, composed of coarse siliceous materials 

(sands, gravel and pebbles) at the base over 3 to 6 m surmounted by finer materials (sands, silts 

and clays) on 1 to 3 m. These alluvial formations were locally exploited and backfilled with waste 

rock and iron and steel by-products. 

The depth of the deposits in the basin is estimated at around 10 m. The surface of the former pound 

is estimated to 26 000 m2, for a total estimated volume of wastes equal to 260 000 m3. 

The waters of the alluvial table would circulate from the channeled Moselle towards the Meurthe, 

whose level is lower. The piezometric levels measured in 2002 are 187.5 m NGF upstream (South-

West of the island) and 184 m NGF downstream (East of the island), the basin surface being at 

197 m NGF (ANTEA, 2002). 

5 OBJECTIVES OF THE SAMPLING INVESTIGATIONS 

Traditional sampling investigations on past metallurgical sites and deposits aims at characterizing 

the nature, physical and chemical composition of the wastes at a punctual location. On the other 

hand, geophysical methods allow mapping the variations of geophysical properties that are indirectly 

linked to the physical and chemical nature of the formations in place, over the entire surface of the 

deposit. The combination of the traditional sampling investigations and the geophysical imaging will 

allow interpreting in a semi-quantitative approach the geophysical observations, using the chemical 

and physical laboratory characterizations of the punctual samples. 
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Two conventional sampling campaigns were run at the Pompey pilot site (see investigation plan - 

deliverable DI2.1.2): 

The first one, prior to the geophysical investigations, took place in the fall 2020. A pit is already 

digged since 2010 on site for the first 2 meters of soils (see “fosse” in Figure 1). Without other 

complementary information, the tailing pond is supposed to contain horizontal layers of soils with 

composition variations being only vertical and not lateral. The first samples of soils to analyze were 

thus taken within the pit, in the first two meters. pXRF and XRF analysis were run on samples 

extracted from the trench to characterize their chemical composition. 

The second one, posterior to the geophysical investigations, took place in the summer 2021. Five 

soundings were led at locations determined using the interpreted geophysical measurements. 

Samples were taken from 0 to 9 m deep. pXRF analysis, as well as physical characterization (for 

one location) were run on samples extracted from the trench to characterize their chemical 

composition. 

 

Figure 1 : Map of the different sampling locations on the Pompey site. 

The goals of the sampling investigations were to: (1) characterize variability in the composition of 

the site and (2) allow semi-quantitative interpretation of the geophysical measurements 

6 CHARACTERIZATION METHODS 

6.1 X-RAY FLUORESCENCE SPECTROMETERS 

Two types of spectrometers were used to analyze the chemical composition and concentrations of 

the different samples: 

- A portable X-ray fluorescence spectrometer was used at BRGM to characterize most of the 

samples after drying and sieving steps 

- A more detailed analysis using a more accurate laboratory X-ray fluorescence spectrometer 

was used at CTP to characterize two selected samples after several separation procedures 
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6.1.1 Characterization using the portable X-ray fluorescence 

spectrometer 

6.1.1.1 Presentation of the pXRF instrument used 

The pXRF used is a NITON® XL3t980 (see Figure 2). It is equipped with a 50 kV X emitter tube and 

a GOLDD+ detector (Geometrically Optimized Large Area Drift Detector), with soil and ore modes. 

This device allows a multi-elemental analysis. It can detect or analyze the elements of atomic number 

between sulfur and uranium, provided that their content is sufficient and that there is no 

interferences. 

 

Figure 2 : portable X-ray fluorescence spectrometer (XL3t980 model) 

The two analytical modes correspond to a specific calibration of the spectrometer, adapted to the 

content ranges to be measured. The X-ray fluorescence response is not completely linear over the 

wide range of contents covered. We consider here as high: 

- contents higher than 1% for the elements usually in traces; 

- contents greater than 10% for the major elements when a particular abundance is likely to affect 

the measurement of the other elements by a matrix effect. 

The measurement in "ore" mode is necessary when high levels are expected to be found in materials 

other than soils, whereas the "soil" mode is generally used for the determination of the 

pedogeochemical background which corresponds to low values in soils. 

Measurements are made in ore mode after internal calibration. The counting time is 30 s for each of 

the 4 filters (NITON®), which makes a total time of about 120 s. 

Even if these devices are calibrated, there is a bias between field analyzes and X-ray laboratory 

analyzes such as ICP spectrometry. Indeed, in pXRF, the device analyzes a volume containing the 

material to be analyzed but also organic matter, water and air. The more these three compounds 

are present, the less material there is. It is therefore logical that the contents obtained in wit pXRF 

are lower than those obtained by ICP spectrometry after drying, grinding and mineralization in acid 

of the samples. Depending on the state of the samples (composition and preparation), these biases 

are more or less significant. 

6.1.1.2 Preparation of the samples: 

All the samples analyzed are dried at 105°C for 24 hours, weighted, and then dried at 105°C again 

and weighted, until the weigth is stabilized, indicating that the sample is dry. 

All the samples are then sieved at 2 mm to avoid the presence of coarse material during the pXRF 

measurements. Some parts of the samples are also crushed, when the presence of 

clods/agglomerated are observed. 
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A small sample holder is used to place the samples before the measurements. The surface of the 

samples is made as flat as possible to decrease the measuring noise. The pXRF analysis is run 

directly on the sample, without adding a protective cover. 

Several elements have concentrations that are lower than the limit of detection (LOD) : Mo, Co, Ni, 

Au, Cl, Se, Pd, W and Bi. 

The contents of the light elements (Mg, Al, Si, P and S) are only indicative because the preparation 

of the samples is not the best to quantify them correctly, it is absolutely necessary for these elements 

that the samples are ground bellow 100 µm. 

The peaks linked to As and Pb are very close to each other in the spectrum. The concentration of 

As estimated is probably false, because of the high Pb concentrations observed. 

6.1.2 Semi-quantitative characterization using laboratory X-ray 

fluorescence spectrometer 

6.1.2.1 Presentation of the XRF instrument used 

Each particle size fraction was analysed individually by X-ray fluorescence spectrometry (XRF) to 

determine its elemental chemical composition. The instrument used is an WDXRF S8 TIGER 

spectrometer from Bruker. 

The XRF spectrometry method is a relatively effective quantitative technique to determine the 

elemental composition of any material, with trace element abundances at the ppm level. Due to 

instrumental limitations and low X-ray yields for the light elements, it is often difficult to quantify 

elements lighter than sodium.  

 

Figure 3 : a) Ring mill used to ground the samples. XRF device (b)) on fused bead (c)). 

 

6.1.2.2 Preparation of the samples 

Before the X-ray analysis, the two samples analyzed by CTP are also following two mineral 

processing steps (see Figure 4): (1) sieving and (2) magnetic separation. 

Sieving: 

All the samples are first screened through a 1 cm mesh after a first dry (105°C) in order to 

remove exogenous material such as stones, wood, organic matter, that are not part of the 

PSMD deposits. Given the fineness of the material, the sieving takes place in two stages: 

a) b) c)

https://en.wikipedia.org/wiki/Sodium
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- a first wet sieving at 106 microns to remove fine particles agglomerated or adhering 
to coarser particles; 

- a dry sieving on particles larger than 106 microns and previously dried at 105°C at 
different mesh sizes: 106 μm, 600 μm, 1.18 mm and 2.36 mm 

Magnetic separation: 

For each particle size range previously defined, magnetic separation is carried out in two 
steps: 

- a first manual passage through the ferrite bar (2000 Gauss), allowing to remove the 
highly magnetic fraction 

- a second pass over a more powerful magnetic bar (6000 Gauss), allowing to 
separate a more slightly magnetic fraction from the rest of the non-magnetic 
material. 

 

Figure 4 : Flow-sheet of the process applied on both Pompey samples 

A semi-quantitative XRF analyses is realized on samples from each separated magnetic fraction, for 

each particle size range. Before the X-ray analysis, each sample is ground in a ring mill to get a very 

fine powder which is then prepared as a bead using 1 g of material mixed with fluxes (lithium 

metaborate and tetraborate). 

 

7 PRE-SAMPLING INVESTIGATIONS 

7.1 SAMPLING ON SITE 

Pre-sampling investigation, prior to the geophysical investigations, took place from the 23rd to the 

25th of November 2020. A pit is already dug since 2010 on site to investigate the first 2 meters of 

soils (see “fosse” in Figure 1). The first samples of soils to analyze were thus taken within the pit, in 

the first two meters (see Figure 5). Two types of samples were extracted: 

- 17 soil samples were taken every 20 cm from 0.2 m to 1.8 m depth. Two different sides of 

the pit were investigated (noted P2 and P4) for portable X-ray fluorescence spectroscopy 

analysis at BRGM: 9 samples for P2 and 8 samples for P4. Each soil sample weights in 

average 330 g. 
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- 2 soil samples were taken in the pit at 2 depths: [1.0 - 1.1] m and [1.65 - 1.80] m for deeper 

laboratory analysis at CTP’s center in Tourney. The choice of these two depths were dictated 

by preliminary soil analysis from Huot (2013) that detected higher content of Pb and Mn at 

1 m; and of Zn at 1.8 m (also see appendix 1) 

 

Figure 5 : a) extraction of soil samples from the trench pit; b) zoom on the variation of techno-soil layers observed within 
the trench pit 

7.2 LABORATORY CHARACTERIZATION 

7.2.1 Mineral processing 

Each of the two samples analyzed at CTP was studied separately using mineral processing 

separation techniques (see deliverable DT2.1.1) : The first sample S1 was taken between 1,0 to 

1,1 m depth (ref. M 10265 A) and the second sample S2 was taken between 1,65 and 1,80 m depth 

(ref. M 10265 B). 

7.2.1.1 Sieving 

The sieving methodology used in this study is described in section 6.1.2.2. Taking into account the 

nature of the sample (settling sludge), a first dry screening at 10 mm was carried out in order to 

remove exogenous (stone, wood, organic matter), theoretically free of metals. The fraction smaller 

than 10 mm was then screened at different mesh sizes to produce several granulometric sections, 

with a double objective: 

 reducing the gap in particle size to improve the separation efficiency of downstream 

separation techniques; 

 concentrating some metals in specific particle size ranges (heavy metals preferentially found 

in fines) in order to reduce subsequent treatment costs. 

The different particle size range are: 

- < 106 μm 

- 106 μm - 600 μm 

- 600 μm – 1.18 mm 

- 1.18 mm – 2.36 mm 

- 2.36 mm – 10 mm 

- > 10 mm 

a) b)
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Particle size distribution results are shown in Figure 6. The sample S2 taken at 1.8 m is composed 

largely of coarse particles (greater than 10 mm) whereas the surface sample was composed mainly 

of fine particles (below 600 μm). 

 

Figure 6 : Sieving results: Particle size distribution of both samples (S1 at 1 m deep and S2 at 1.7 m deep) from the pit 
trench represented as: a) a table; b) a graph 

7.2.1.2 Magnetic separation 

Given the steelmaking history of the Pompey site, the presence of ferrous residues with a high 

magnetic susceptibility is more than possible. A magnetic separation step was therefore carried out 

on each granulometric fraction (under 10 mm) of each sample, except for the fraction below 106 μm. 

In fact, below this particle size, every particle, including non-magnetic one, is attracted by 

electrostatic effect. 

The tests were carried out manually using magnetic rods. A first passage through the ferrite bar 

(2000 Gauss), simulating a treatment with an Overband, was carried out, which allowed the removal 

of the highly magnetic fraction. A second pass over a more powerful magnetic bar (6000 Gauss), 

simulating the use of a magnetic drum, separated a more slightly magnetic fraction from the rest of 

the non-magnetic material. 

The mass balance coming from both magnetic separation tests is shown in Tableau 1. It can be seen 

that the sample S1 taken at 1.1 m (M 10265 A) has a much higher proportion of magnetic particles 

than the deeper sample S2 (M 10265 B). In general, the relative quantity of magnetic elements is 

higher in the finer grain size fractions whatever the sample. 

  

S1 - M10265A S2 - M10265B

Particle size Cumulative refusal Cumulative refusal

(μm) (%) (%)

10 000 15,3 45,1

2 360 18,9 46,7

1 180 21,4 47,3

600 28,4 49,1

106 73,7 58,1

0 100,0 100,0

a) b)
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Tableau 1 : Mass balance of the magnetic separation tests on samples S1 and S2 

 

 

7.2.1.3 Conclusions  

Based on the mineral processing analysis on the samples S1 and S2, differences can already be 

highlighted: 

- At 1.1 m deep, the techno-soil is composed mainly of fine particles (bellow 600 μm), and has 

a much higher portion of magnetic particles, revealing the potential presence of ferrous 

residues 

- At 1.7 m deep, the techno-soil is composed mainly of coarse particles (greater than 10 mm), 

and within its finer portions, has a lower proportion of magnetic particles, indicating a potential 

lower proportion of ferrous residues. 

 

7.2.2 Chemical analysis 

7.2.2.1 pXRF results 

The results obtained for the pXRF analysis of the 17 samples are shown in Figure 7. The 

concentration trends observed are very similar between the two profils P2 and P4, showing that: (1) 

the results are reliable and (2) the lateral variations of soils within the pit are low compared to the 

vertical variations. Three main layers can be observed within the trench pit: 

 

S1 Magnetic separation

Particle size (μm) Weight Highly magnetic Medium magnetic Non magnetic

min max (g) (g) (% per size) (g) (% per size) (g) (% per size)

106 600 916.5 497.7 54% 250.6 27% 142.8 16%

600 1 180 142.6 55 39% 54.2 38% 33.4 23%

1 180 2 360 50.2 13.5 27% 18.9 38% 17.8 35%

2 360 10 000 73.4 31 42% 20.3 28% 22.1 30%

106 10 000 1182.7 597.2 50% 344 29% 216.1 18%

S2 Magnetic separation

Particle size (μm) Weight Highly magnetic Medium magnetic Non magnetic

min max (g) (g) (% per size) (g) (% per size) (g) (% per size)

106 600 108.3 25.4 23% 20.1 19% 62.8 58%

600 1 180 20.9 0.9 4% 4.9 23% 15.1 72%

1 180 2 360 7.7 0.3 4% 1.7 22% 5.7 74%

2 360 10 000 19.1 0.4 2% 1.5 8% 17.2 90%

106 10 000 156 27 17% 28.2 18% 100.8 65%
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- from 0 to 0.8 m: the concentration of Fe is stable, varying between 20 % to 30 %, while Mn 

is ranging between 2 and 3 %, Pb between 0.3 and 0.7 %, and Sn around 0.1 % 

- from 0.8 to 1.4 m: the concentration of Fe is decreasing from 20 % to 3 % with depth, while 

Mn drops to 1 %, Pb increases from 0.7 % to 4 %, and Sn increases to reach a maximum of 

1 % at 1.4 m deep 

- from 1.4 to 1.8 m: the concentration of Fe (ranging from 2 % to 10% maximum) is lower than 

in the first two layers of the pit. The concentration of Mn is varying between 7 % to 20 %. The 

concentration of Pb is the highest in this lower layer (between 1 and 5 %), and Sn as well 

(betwwen 0.4 % and 1 %). 

We note that the top layer (above 0.8 m) is more concentrated in Fe, while the bottom layer is more 

concentrated in Mn. Iron and manganese are apparently not bound together, and are thus not 

present in their alloy forms. 

It can also be noted that the values for Pb, Mn and Zn measured in Huot (2013) are not found back 

in this study. Indeed, the peak concentration of Pb and Mn at around 1 m deep, measured at 

respectively 12% and 35% in Huot (2013), is found equal to respectively 0.7 % and 1 % in this study. 

 

 

Figure 7 : Variation of concentration of different selected chemical elements versus depth for two different soil profils 
investigated within the trench pit (P2 in yellow and P4 in red) 

7.2.2.2 XRF results 

For the two samples analyzed by CTP, a complete chemical analysis was carried out on each 

separated fraction in order to determine the potentially recoverable metal contents. Semi-quantitative 

XRF analyses were realized on pearls from each magnetic fraction for each particle size range. 

Average results 

The composition of both samples sieved at 10 mm was recalculated based on the mass balance of 

the different fractions and their respective analyses (see Tableau 2). 

We note that the sample S1 taken at 1.1 m depth is more concentrated in iron and sample S2 from 

1.7 m is more concentrated in manganese. Therefore, it seems that iron and manganese are not 

bound together, contrary to what is expected for Fe/Mn alloys. 
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It can also be noted that the values for Pb, Mn and Zn measured in Huot (2013) are not found back 

in this study. Indeed, the peak concentration of Pb and Mn at around 1 m deep, measured at 

respectively 12% and 35% in Huot (2013), is found equal to 0.8 % and 1.2 % in this study. These 

values are very close to the one measured using the pXRF characterization described above. 

 

Tableau 2 : Semi-quantitative XRF analytical results on recombined fractions below 10 mm for the two Pompey samples 
S1 and S2 

 

Results for each particle size range 

The impact of sieving techniques on the potential concentration of metals of economic interest in 

specific particle size ranges was also estimated. The results detailed in Tableau 3 and Tableau 4 

show that, except for iron which concentrates in fractions below 600 microns, there is no significant 

impact on non-ferrous metals (Zn, Pb, Mn, Sn). 

  

S1 S2 S1 S2
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Tableau 3 : Semi-quantitative XRF analytical results on each particle size range below 10 mm for the sample S1 

 

 

Tableau 4 : Semi-quantitative XRF analytical results on each particle size range below 10 mm for the sample S2. 

 

Sample S1 (1.0-1.1 m depth)

Sample S2 (1.65-1.8 m depth)
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Results for different magnetic fractions 

The average composition of the recombined magnetic fractions for each sample is shown in Tableau 

5. For both samples, the magnetic fraction is mainly composed of iron (28-30%) with various 

concentrations of other non-ferrous metals. 

Manganese is more concentrated in the low-magnetic and non-magnetic fractions even if its grade 

(between 1 and 12% w/w) remains low compared to that observed in an ore (~40%). This observation 

confirms that manganese is not in alloy with iron. 

In sample S1 (M 10265 A), the composition of the fraction below 106 µm (see Tableau 3) is similar 

to that of the magnetic fraction over 106 microns so that these two fractions could be recovered 

together.  

In sample S2 (M 10265 B), the behavior is different as the fine fraction (see Tableau 4) has a 

composition that is intermediate between the low and non-magnetic ones and could be recovered 

for its manganese content. 

 

Tableau 5 : Impact of magnetic separation on both samples S1 and S2. 2000 G represents the highly 
magnetic fraction, 6000 G represents the medium magnetic fraction. 

 

7.2.2.3 Conclusions 

Based on the pXRF and XRF results, three different layers can be observed within the trench pit: 

- From 0 to 0.8 m: the highest metallic element concentration is Fe with values ranging from 

20 to 30 % 

S1 S1 S2 S2
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- From 0.8 to 1.4 m: The Fe concentration is dropping, while the concentration of the other 

metallic elements are increasing (especially Pb – around 4%, and Cu – around 0.04%) 

- From 1.4 to 1.8 m: The Mn concentration is the highest (7-20 %), while Fe is ranging from 2 

to 10 % 

The Fe and Mn concentrations are not varying the same way with depth, indicating that they are not 

present in their alloy forms, which was expected taking into account the history of the former plant. 

Regarding the chemical analysis on each separate particle size and magnetic fraction, several 

observations can be highlighted: 

- except for iron, which concentrated in particle size fractions smaller than 600 microns, the 

sieving of the material do not seem to have any impact on its chemical composition. 

- the magnetic fraction is mainly composed of iron (28-30%) with various concentrations of 

other non-ferrous metals. Manganese was more concentrated in the low-magnetic and non-

magnetic fractions even if its grade (between 1 and 12% w/w) remained low compared to 

that observed in an ore (~40%). This observation confirmed that manganese was not in alloy 

with iron. 

Although the analyzed samples contain various metals, their grades are too low to justify any 

economical interest in recovering them within the first 2 m of soil, in the particular location of the 

trench pit. 

 

7.3 CONCLUSIONS 

Based on mineral processing and chemical composition analysis, three different layers can be 

observed from 0 to 2 m, within the trench pit: 

- From 0 to 0.8 m: the highest metallic element concentration is Fe with values ranging from 

20 to 30 %. 

- From 0.8 to 1.4 m: The Fe concentration is dropping, while the concentration of the other 

metallic elements are increasing (especially Pb – around 4%, and Cu – around 0.04%). In 

the center of this layer, the soil is mainly composed of fine particles and has a much higher 

portion of magnetic particles within which iron is the major element, revealing the potential 

presence of ferrous residues. 

- From 1.4 to 1.8 m: The Mn concentration is the highest (7-20 %), while Fe is ranging from 2 

to 10 %. In this layer, the soil is mainly composed of coarse particles (greater than 10 mm), 

and within its finer portions, has a lower proportion of magnetic particles, indicating a lower 

proportion of ferrous residues. 

The Fe and Mn concentrations are not varying the same way with depth, indicating that they are not 

present in their alloy forms, which was expected taking into account the history of the former plant. 

Although the analyzed samples contain various metals, their grades are too low to justify any 

economic interest in recovering them within the first 2 m of soil, in the particular location of the trench 

pit. Post-sampling investigations are scheduled to: 

- explore the recovering potential of metals deeper in the deposit 

- analyze the recovering potential of the deposit in terms of eco-catalysis. 
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8 POST-SAMPLING INVESTIGATIONS 

8.1 SAMPLING ON SITE 

No heavy machinery is allowed to enter the site. We must therefore consider the option of a 

lightweight auger. IXSANE proposes to study the idea of carrying out a few sampling points with an 

auger that can cross up to 5 m of land depending on the soil conditions. 

Following the first geophysical results, it appears that the potentially most interesting soil layer starts 

at 2-3 m deep and up to 8-9 m deep (see deliverable DI2.2.1). It would therefore be interesting to 

take samples from this layer in the second sampling campaign, both on the NNW and SSE sides of 

the former tailing pond. Several sampling locations have been decided based on these geophysical 

observations 

- 4 samples were taken by IXANE at two different locations I1 and I2 (see Figure 1): IXSANE 

extracted the samples using a lightweight auger that can cross up to 5 m of land depending 

on the soil conditions. The samples were taken at two different depth intervals: [0-0.5] m and 

[3-4] m 

- 45 samples were taken by BRGM using a light core drill for depths ranging between 0 and 

9.2 m at 4 different locations (see Figure 1): 11 samples for FP1 from 0 to 9.2 m, 10 samples 

for FP2 from 0 to 8.2 m, 12 samples for FP3 from 0 to 9.2 m, and 12 samples for FP4 from 0 

to 9.2 m 

 

Figure 8 : a) Picture of the core drill in action in Pompey (08/2021); b) Zoom on the drilling rod with two different layers of 
soil. 

 

a) b)
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8.2 LABORATORY CHARACTERIZATION 

8.2.1 Agronomical analysis 

Four samples were taken at 2 different depths by IXANE, following the first geophysical 

investigations and results that indicated a conductive and chargeable anomaly, with a maximum 

close to the I2 sounding location, between 3 and 4 m depth : 

- From 0 to 0.5 m depth: I1-A and I2-A 

- From 3 to 4 m depth: I1-B and I2-B 

Several agronomical parameters were measured for the four samples: pH, CaCO3 concentration, 

total organic carbon (C), total nitrogen (N), CEC, total phosphorous (P) and water electrical 

conductivity. The results are presented in Tableau 6. 

Several observations can be made: 

- The concentrations of C, N and P indicate a good fertility for all the samples 

- The pH of all the samples is slightly alkaline 

- The water electrical conductivity is higher for the deeper samples (I1-B and I2-B) than at the 

surface, indicating a higher ionic strength at 3-4 m, and potentially a higher concentration in 

metallic particles that could be soluble. 

 

Tableau 6 : Results of the agronomical parameters measured for the four samples taken by IXANE (see Figure 1) 

 

 

8.2.2 Chemical analysis 

pXRF (for the samples extracted from FP1, FP2, FP3 and FP4 locations, see Figure 1) and XRF 

analysis (for the I1-A and –B, and I2-A and –B samples, see Figure 1) were led at BRGM and IXANE 

facilities. The results for the concentration of the main metallic elements are presented in Figure 9 

and Figure 10.  

In Figure 9, the results of the two sounding that are the more to the North of the site, FP2 and FP3, 

as well as the IXANE samples (I1-A and I1-B) are shown, and compared to the pre-sampling 

investigations in the trench pit (fosse pXRF, fosse CTP – see part 7.2.2). Several observations can 

be made: 

The concentrations between the pre- and post-sampling analysis for each of the elements are very 

consistent, except the Fe concentration that is much stronger (one decade higher) within the pit (both 

in the XRF and pXRF measurements) than in the soundings at the higher altitudes (close to the 

ground surface). As the soundings and the trench pit are not exactly at the same location, this result 

might be indicative of Fe concentration variations at the surface. 

The Cu concentration of one sample measured by CTP (S2 at 195.3 m) is much higher than the rest 

of the values. This variability can be due to the low concentration of Cu (around 100 ppm) that makes 

its evaluation using pXRF harder. 

Three main layers can be distinguished for all the metallic elements discussed here: 

I1-A

I1-B

I2-A

I2-B
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- From the surface of the ground to 1 m depth (independently of the altitude): the Mn, Pb, 

Zn and Sn are lower than in the second layer, but not as low as within the bottom layer. This 

first layer of techno-soil is the one the most subject to anthropic shuffle (uncontrolled 

dumping…). As the site is covered by vegetation, it is also remodeled by roots and other life 

forms that can potentially mobilize some of the metallic elements. These solicitations could 

explain the observed variations. 

- From 1 m depth to 191 m of altitude (around 6 m depth approximately, depending on the 

location): the concentration of each of the metallic elements is the highest: Mn reaches 

105 ppm, Pb 2.5.104 ppm, Zn 4.104 ppm, and Sn 3.103 ppm. This layer is interpreted as the 

deposits from the former tailing pound.  

Within this deposit layer, especially for the sounding FP3 that is at the northern end of the 

site, a drop in the concentrations of the different metallic elements can be observed at around 

193 m. This can be indicative of a change in the nature of deposit, linked with the history of 

the plant (change in composition of the metals processed…) 

- Bellow 191 m of altitude: the concentration of all the metallic elements drops drastically 

from several order of magnitude. This trend might be indicative of the bottom of the deposit, 

the lower concentration in metallic elements indicating the transition with a layer of natural 

alluvial deposits. 

It can be noted that the Fe concentration is not decreasing as drastically as the other metallic 

elements bellow 191 m. Although the water level is not reached yet, this element might have 

been mobilized by water infiltration and deposited bellow the former tailing pond deposits. 

 

Figure 9 : Variation of concentration of different selected chemical elements versus altitude for three soundings (FP2, 
FP3 and I1) at the north of the site (see Figure 1). These results are compared to pre-sampling analysis within the trench 

pit: (1) pXRF analysis on two profils down to 1.8 m depth; and (2) XRF results on two samples S1 and S2 analyzed at 
CTP.  
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In Figure 10, the results of the two sounding that are the more to the South of the site, FP1 and FP4, 

as well as the IXANE samples (I2-A and I2-B) are shown. The results are very similar to the ones 

presented for the northern part of the site. Several observations can be made in addition to the 

previous results: 

- A good correspondence is found between IXANE analysis (for sounding I2) and pXRF 

analysis done at BRGM (for the two soundings FP1 and FP4) 

- For FP1, the same variations versus depth can be observed than for FP2 and FP3: 3 main 

layers are observed at the same altitudes than FP2 and FP3, with a drop of concentration at 

191 m of altitude, but the amplitude of the drop is an orderof magnitude lower than the one 

observed for FP2 and FP3. 

- For FP4, the drop in the concentrations of metallic elements is observed at lower altitudes 

(at around 189 m). This observation can be linked with an increase of the thickness of the 

tailing pond deposits, but is quite surprising as FP4 is located closer to the edge of the former 

tailing pond. The thickness of the deposits is thus expected to decrease, and not increase. A 

finer comparison with the geophysical results will help explain this observation. 

 

 

Figure 10 : Variation of concentration of different selected chemical elements versus altitude for three soundings (FP1, 
FP4 and I2) at the south of the site (see Figure 1). 
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8.3 CONCLUSIONS 

The chemical characterization led both by IXANE and the BRGM on the selected samples are very 

consistent with the results of the pre-sampling investigations. The analysis can thus be considered 

as reliable and used for further interpretations. 

Three main layers can be distinguished for all the metallic elements discussed here: 

- From the surface of the ground to 1 m depth (independently of the altitude): the Mn, Pb, 

Zn and Sn are lower than in the layer bellow, but not as low as within the bottom layer. This 

first layer of techno-soil is the one the most subject to anthropic shuffle (uncontrolled 

dumping…). As the site is covered by vegetation, it is also remodeled by roots and other life 

forms that can potentially mobilize some of the metallic elements.  

- From 1 m depth to 191 m of altitude (around 6 m depth approximately, depending on the 

location): the concentration of each of the metallic elements is the highest: Mn reaches 

105 ppm, Pb 2.5.104 ppm, Zn 4.104 ppm, and Sn 3.103 ppm. This layer is interpreted as the 

deposits from the former tailing pound.  

Within this deposit layer, especially for the sounding FP3 that is at the northern end of the 

site, a drop in the concentrations of the different metallic elements can be observed at around 

193 m. This can be indicative of a change in the nature of deposit, linked with the history of 

the plant (change in composition of the metals processed…) 

- Bellow 191 m of altitude: the concentration of all the metallic elements drops drastically 

from several order of magnitude. This trend might be indicative of the bottom of the deposit. 

The lower concentration in metallic elements indicating the transition with a layer of natural 

alluvial deposits. The observed drop occurs at depths between 6 and 8 m depending on the 

location of the sounding. According to this set of data, the thickness of the deposit is thus 

lower than what was expected before the analysis (estimated at 10 m depth). 

The additional agronomical analysis indicate that both the top layer (0-0.5 m depth) and the middle 

of the deposit layer (3-4 m depth) have good fertility rates. The water conductivity being higher in 

deeper layer, the fertility is a little better for the top soil. On the contrary, the concentrations of metallic 

elements in Cu, Hg, Pb and Zn is higher for the deeper samples. Both analyzed depth are thus 

interesting for eco-catalyst productions. 

9 RECOMMENDATIONS 

Pre- and post-sampling investigations were carried out on samples taken at different depths from a 

former siderurgical settling basin, potentially concentrated in metals (Fe, Zn, Mn, Pb, etc.). 

The chemical analysis carried by various laboratories (CTP, IXANE and BRGM) indicate consistent 

metallic element concentrations, confirming the reliability of the data obtained. 

Several layers can be observed looking at the concentration of the different metallic elements, with 

a drop at 191 m of altitude for 3 out of the 4 sampling locations FP1 to FP4, that could be indicative 

of the transition between the anthropic deposits and the natural alluvial deposits. It is observed at 

depths ranging between 6 and 8 m, which are lower than the thickness of the deposits, previously 

estimated to around 10 m. The total recoverable material is thus lower than expected. 

Furthermore, although these samples contained various metals, their grades are still too low to justify 

any economic interest in recovering them.  

On the contrary, the fertility rates measured are good. This type of deposits seemed thus to be more 

suitable for recovery by eco-catalysis.  
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11 APPENDIX 1: PREVIOUS CHEMICAL ANALYSIS 

Data extracted from Huot (2013) 
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Figure 11: Distribution of the total content of major elements (elements with an average content greater than 1 g.kg-1 of dry soil) vs depth along the profile for 12 layers of 
“Technosoil” (from Huot, 2013) 
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Figure 12: Distribution of the total content of trace elements (elements with an average content lower than 1 g.kg-1 of dry soil) vs depth along the profile for 12 layers of 
“Technosoil” (from Huot, 2013) 
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Tableau 7: Mineralogical phases detected using a combination of laboratory experimentations (DRX, IR spectroscopy, Mossbauer spectroscopy, SEM-EDX and TEM-EDX, 
Tam and Mehra-Jackson extraction methods) 
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Figure 13: Distribution of carbonate, allophanes, ferrihydrite and Mn contents extracted with CBD (Mnd) according to the Mehra-Jackson method along the “Technosoil” 
profile (from Huot, 2013). 

The contents are expressed in g.kg-1 of soil dried at 105°C. The carbonate contents were determined by calcimetry. The ferrihydrite contents were estimated from the Fe 
contents extracted with oxalate (Feo) according to Tamm's method by the following formula: ferrihydrite = 1.7xFeo (Childs, 1985). The allophan contents were estimated 
from the Si contents extractedwitht oxalate according to the Tamm method (Sio) by the following formula: allophanes = 7.1xSio (Parfitt and Wilson, 1985). CBD extraction 
allowing the dissolution of oxides, the Mn content, extracted with CBD, can be considered proportional to the content of Mn oxides. 

 


